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This invention relktes- specifi'cally to an ai-r- 
craft reco=der of air mfies traveled employing 
an optical, folloxv-up system c0nl¢rolling thespeed 
of a variable speed motor in response't:o the oper, 
ation of an airsPeed indicator, the recordbr inte 
grating airspeed w.ith time to. registe'v the air 
toiles traveled.. 
Geneçally the invention relates, to an optical 
followup system of general, .pplicti0n where it 
is deired t0 produce a= folios'er movement in 
response fo change of position: of sn actuated 
element. 
Also. generally the invention relates.: fo n air 
mlles recorder in which means responsive: to 
speed controls, the. speed: of a. variabl speed mo- 
tor to integrate speed' with. time: regardless of 
the specific forn» of, the fòllow-up system used: 
An object of the invention iS to provid an 
optical follow-up system, in which light rays: are 
directed upon a light, sensitive element throuh 
a pair of reflecting mirrors vith one of the mir- 
rors varying ifs position and with the second 
mirror following the position of the first mirror. 
fo maintain the light rays ai the desired point 
with respect fo the light sensitive, element. 
Another object-of the invention is fo pr0vide 
an optical follow-up system in which the light 
rays are directed upon a light sensitive element 
in which-the light source and sensitive: element 
are stationary and the mirrors movable, with the 
movement of one mirror, following the move 
ment of the other mirror to, maintain the.direc- 
tion of the light rays upon the light sensitive. 
element. 
Another object of the invention is to, provide 
an- optical follow-up system in which light rays. 
are directed fo a light sensitive element through 
a system including a pair of-movable, mirrors, 
with one mirror movable in, response to an, ex- 
ternal condition and with the operation of the  
follow-up system properly moving the. second 
mirror fo follow the movement of the fat mit- 
rot in accordance with- variation in the exterior 
condition. 
Another object of the, invention: is fo provide 
an aircraft air miles recorder utilizing a follòw 
up system in aCcordance with tle.precedir£g 
Jects with the first, or opërated, miçr0r moved 
an airspeed, indicator, 
Another object of ttle invention, is rb, provide, 
an aircraft air miles recorder in accordance witli 
the preceding objectsin, which the movément of 
the follower mirror is responsive tothe speed of 
rotation, of a variable- speed" motor: conectèd- 
a counter indicating th mileagëtraveled. 
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Another object of the invention is the pro- 
vision of a-n ' aircraft air mlles recorder in wliich 
means responSïve fo airspeed controls the speed 
of rotation Of à variable speed motor cormected 
» to a- counter or registering air mlles traveled. 
Another o5ject of the invention is the- pro- 
vision of an aircraft air mlles recorder ligving 
a first element movable in responseto theopera- 
tion of an airspeed ïndicat0r and a second ele- 
10 ment cooperable- tlrerewith to' follow the move- 
ment theeof with-the position of the second 
element controiied by  the- speed of rotation of 
a. variable: speed m0t0r connècted fo a counter 
registering air mils traveleff, the speed of rota- 
15. tion of tle- moor being, conrolled in accord: 
ance with the positi0rf Of the fa'st element. 
Other objects and ïeatures of, the-invention 
w-itl be readily apparent fo those: skilled in  the 
art. f-rom tlie: specilîation, and appended draw 
20 ings: illuStrting, certain, preferred, embodiments 
ir£ which: 
Figure 1 is a. sclematic representation of the 
air mlles recorder according fo the present in- 
vention employing  tlie novèl form of optical 
25 fOllOv-up system. 
Figure,  is. a schematïc wiring diagrm of the 
recordev and, system, 
As.. specifically illustrated in the drawing the 
combined arrangement inclùdes a light source 
30 . the liglt rays, lom which are, collimáted by- 
a lens 2. and directèd  to. , mivror $ from whicli 
they are, reflected: t0 a second miTor ., and 
thece fo a lens- 5 focusing the raYs upon. a 
photoelectric cell unit 6. In front of the light 
35 sensitive photoelectric cell unit , is disposed a 
shield: : impervious to light and providing a 
light ray cutoff point indicated, gt Il. 
Tlie mirror ' which is the-operating mirror 
of the fbllow-up system, is mounted upon the 
40 shaft. 9. of a true- airspeed indicator  ! of con- 
ventional-form having pessm.e  connection 2 
and statib c0nnection 3, to an aircraft Pitot 
static tube and a thermometer connection I, 
This, true airspeed indicator is of well known 
4 construction, and for the ordinary " staff and 
pointer there- has- been su]Jstituted- the shaft : 
whicli, carries ttiemirror  
Tie f0110Wer mirror 4 is mounted upon a shaft 
 S upon. which- is mounted, the drag cup  S of a 
50 drag. cup tachometer indicáted at  . The drag 
cup tachometer includes permanent magnet elè- 
ments Iii, driven by a variable speed motor 9: 
The shaft ! S of the drag cup tgchometer is biased 
aginst rotation- by a spring 2 and; in accord- 
5 ance. with the well k-nown prinCiples of such 
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tachometers, the arc of rotation of the shaft 
wi11 be detm'mined by the speed of ïotation of 
the motor 9 and the magnetic elements 
driven thereby. The motor 19 also drives a 
rem of reducin2 2ears indicated at -: and co-]- 
nected throuh ear whee!s 22 and 2 fo a 
counter or ïeçister  indicatin2 the çir mlles 
traveled. 
!u the schematic .epresentation of the wi'ing 
diagra_m_ for the systeï] i11ustrated in Figure 
heïe is show] an aiteïnating current source 
ndiated by the lfi]es  and .. The line 
is connected 0o the anode of the photoelectric 
unit 8, the cathode of which is connected to 
the control grid 8 of «.n e!ectronic tube 
Across the supply wires 2 and 2 is disposed 
a volt,.2e dividi. resistoï  and connected to 
a point thereon toward the line  side of the 
:îid çoint are the cthode 3',' .-l suppressoï 
Erid 2.8 of 0he electronic tube 2.. A 2rid bi.s 
resistor $4 is connected between the grid 2; and 
the line  . There is pïovided a reveïsib!e -_.?.otor 
indic.te«l at 35 enerized by a two phase wind- 
in one of which is shown ai ô$, the other 
3, the winding $ô berne fed th;'ou2h a condenser 
38 aid the windin ? tl'ou,h a condenser 
The anode 4 of the tube -3 is connected to 
_ass the condenser 
The operation of the motor reversing circuit 
is described and claimed Lu applicant's co-pend- 
i]g application Serial No. 644,136 filed January 
29, 1946, which matured into Patent No. 2,437,064., 
-Vi-.arch 2, 1948, entitled l,oEotor Control. V¢hen 
the tube 9 is not firing, the motor  operates 
in a direction dete'mined by the values of the 
condensers 2 and 9, the condenser 9 having 
a greateï capacity so that the current in the 
winding 38 leads that in the winding . Vhen, 
however, the tube 9 is firin, it provides  sub- 
stantially resistive circuit feedin the windin 
$ so that the c]a'rent in winding 3 wfll follow 
that in the winding  whfle the tube is con- 
ductin to reverse the direction of the motor . 
ïhe motor $-' is connected through a suitable 
mechanical connection indicated by the dotted 
line 42 to a variable rheostat 3 connected in 
serres with one of the two phase windings g of 
the motor |, the other winding  of which is 
fed through condenser . ïhe speed of rota- 
tion of the motor |$ is thus determined by the 
position of the rheostat g which is in tuïn con- 
trolled by the motor  which 'otates in opposite 
directions to increase or decrease the resistive 
w.!ue of the rheostat. 
With the elements of the optical system, in- 
cluding the cut-off point  of the photoelectric 
cell, all at the same level, the mirrors  and 
wfll be parallel when the image of the light 
source  is at the cut-off point  and a linear 
follow-up response will be obtained. These posi- 
tions may, of course, be varied as desired within 
the contemplation of the invention to secure 
,ny desil'ed responsive relation. 
In the operation of the system let it be assumed 
that the mb'tors  and  are in parallel relation 
or in what other pl'edetermined relation corre 
sponds to the !ight image at he cut-o,ff point 
Should the airspeed of the ah.craft change, the 
shaft -0 wfll be rotated to rotate the mirror 
ïhis will move the image of the liht source 
either into the zone where it is cut off by the 
shield  or into the zone where it is directed 
upon the photoelectric unit . vVhen the image 
of the light source is cut off by the shield , the 
tube 9 will not fil'e and the moto'r  wfll rotate 

in a first direction to vary the resistance of the 
rheostat  in a flrst direction. This will change 
the speed of the motor $ in a flrst direction 
and the change in speed of the motor $ will be 
5 accompanied by a rotation of the shaft  of the 
dra cup tachometer  to rotate the mirror  
into parallelism or other.predetermined arrange- 
nent with the mirror . 
Vhen the image of the liht source is di'ected 
10 upon the photoelectric unit $, the tube  rires 
so that the motor  reverses its dh'ection of rota- 
tion as previously described to drive the rheostat 
4 in the reverse dh'ection which in turn changes 
the speed of the motor $ in the l'everse direction. 
15 This again changes the response of the drag cup 
tachometer  to return the mirror  into paral- 
lelism with the mirror . In the operation of the 
follow-up system the motor 3 will be continu- 
ally "hunting" oï rotating in opposite directions 
20 to maintain the liht ray hnage at the cut-off 
point  of the photoelectric cell. 
Since the speed of rotation of the motor | is a 
function of the response of the true airspeed in- 
dicator  , the number of revolutions of the motor 
25 $ as indicated on the counter  integrates the 
variables speed and time to provide a direct read- 
fi]g on the counter  of air mfles traveled. 
It will, of course, be understood that the opti- 
cal follow-up system herein specifically disclosed 
$0 with the air mfles recorder is of general applica- 
tion where any follow-up of a movable element 
is desired. 
It will also be understood that while the air 
mfles recorder herein specifically disclosed is uti- 
ô5 lizin an optical follow-up system, it may incor- 
porate other follow-up systems such as pneu- 
matic, mechanical or electrical; for example that 
disclosed in the aforesaid application Serial No. 
644,136 now Patent No. 2,437,064. 
40 Whfle certain preferred embodiments of the 
invention have been specifically disclosed, it is 
understood that the invention is not limited 
thereto as many variations will be readily ap- 
parent to those skflled in the art and the inven- 
5 tion is to be given its broadest possible inter- 
pretation within the terres of the following 
claires. 
What is claimed is: 
1. In an air mfles z'ecorder for aiz'cz'aft, means 
5o, l'esponsive to airspeed, a flrst element movable 
by said airspeed responsive means, a variable 
speed motor, means responsive to the speed of 
rotation of said variable speed motor, a second 
element movable into predetermined relation with 
:..5 said first element by said means responsive to the 
speed of rotation of said variable speed motor, 
means controlled by the position of said elements 
relative to each other for controlling the speed 
of rotatiol of said variable speed motor, and 
(0 indicating means responsive to the revolutions of 
said variable speed motor for registering the air 
miles traveled. 
2. In an air mlles recm'der fol" aircraft, means 
responsive to airspeed, a flrst element movable 
- by said airspeed responsive means, a variable 
speed motor, means responsive to the speed of 
rotation of said variable speed motor, a second 
element movable into predetermined 'elation 
with said first element by said means 'esponsive 
0 fo the speed of rotation of said variable speed 
motor, a reversible motor whose direction of rota- 
tion is controlled by the position of said elements 
relative to each other, means for controlling the 
speed of said variable speed motor in response to 
75 rotation of said reversible motor, and air toiles 
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indicating means, drien by said ariable speed 
motor. 
3. In an air toiles recordir for aircraft, means 
responsive to airspeed, a flrst element whose posi- 
tion is determined by said airspeed responsive 
means, a variable speed motor, means responsive 
fo the speed of rotation of said iariable speed 
motor, a second element whose position is deter- 
mined by said means, responsive to the speed of 
rotation of said variable speed motor, speed con- 
trol means for said variable speed motor, means 
controlled by the positioning of said elements 
relative to each other for operating said speed 
control means to vary the speed of said motor, 
and air mlles indicating means driven by said 
motor. 
4. In an air toiles recorder for aircraft, means 
responsive to airspeedi a lïrst element whose posi- 
tion is determined by said airspeed responsive 
means, a variable speed motor, means responsive 
fo the speed of rotation of said variable speed. 
motor, a second element whose position is deter- 
mined by said means responsive to the speed of 
rotation of said variable speed motor, speed con- 
trol means for said variable speed motor, means 
controlled by the positioning of said elements 
relative fo each other for operating said speed 
control means fo vary the speed of said motor, 
and means responsive fo the revolutions of said 
motor fo integrate speed with rime to indicate the 
air mlles traveled. 
5. In an air milei recorder for aircraft, means 
responsive to airspeed, a lïrst element whose posi- 
tion is determined by said airspeed responsive 
means, a variable speed motor, means responsive 
to the speed of rotation of said variable speed 
motor, a second element whose position is deter- 
mined by said means responsiie to the speed of 
rotation of said variable speed motor, a reversible 
motor whose direction of rotation is determined 
by the position of said elements relative fo each 
other, speed control means for said iariable ipeed 
motor operated by said reversible motor, and a 
register driven by said variable speed motor for 
recording the air mfles traveled. 
6. In an air milis recorder for aircraft, means 
responsive to air speed, a first eIement mov- 
able by said means responsive to air speed, a 
variable speed motor, a drag cup tachometer 
driven by said variable speed motor, a second ele- 
ment movable by said drag cup tachometeri 
means responsive to the relative position of said 
elements for controlIing the speed of said motor, 
and means responsive to the revolutions of said 
motor for recording the air toiles traveled. 
7. In an air toiles recorder for aircraft, means 
responsive fo air speed, a first element movable by 
said means responsive fo air speed, a variable 
speed motor, a drag cup tachometer driven by 
said variable speed motor, a second element mov- 
able by said drag cup tachometer, ,speed control 
means for said variable speed motor, a reversible 
motor ch'iving said speed control means, means 
responsive to the relative position of said ele- 
ments for control]ing the direction of rotation of 
said reversible motor, and means responsive to 
the revolutions of said variable speed motor for 
recordin the air toiles traveled. 
8. In an air toiles recorder for aircraft, means 
responsive fo airspeed, a variable speed motor, an 
optical follow-up system including a light source, 
a lighç sensitive e]ement and an optical system 
containing means including a pair of mirrors for 
directing the light rays from said light source 
upon the light sensitive element, means for posi- 

tioning one of said mirrors by said .airspeed re- 
sponsive, means, means for positioning the other 
of said mirrors by the speed of rotation of said 
variable speed motor, means employing said light 
5 source, mirrors and liiht sensitive elements for 
controlling the speed of said variable speed motor 
in response to the position of said light rays rela- 
tive fo the light sensitive element, and means re- 
sponsive fo the revolutions of said variable speed 
10 motor for recording the air toiles traveled. 
9. In an air toiles recorder for aircraft, means 
responsive to airspeed; a variable speed motor, an 
optical follow-up system including a light source, 
a light sensitive element, and an optical system 
15 containini means including a pair of mirrors for 
directing the light rays from said lightsource up- 
on the light sensitive element, means for. posi- 
tioning one of said mirrors by said airspeed re- 
sponsive means, means for positioning the other 
20 of said mirrors by the speed of rotation of said 
variable speed motor, speed control means for 
said variable speed motor, a reversibte, motor op- 
erating said speed control means» a control cir- 
cuit for said reversible motor including said light 
25 sensitive element and operated in accordance 
with the position of the light rays on the light 
sensitive element fo determine the direction of 
rotation of said reversible motor, the position of 
said other of said mirrors being vaiied by valia- 
30 tion in the speed of said variable speed motor in 
response to change in the position of said one of 
said mirrors by said speed responsive means so 
as fo maintain the light rays ai a predetermined 
Foint with respect to said light sensitive element, 
05 and means responsive to the revolutions of said 
variable speed motor for recording the air mfles 
traveled. 
i0. In an air mlles recorder for aircraft, means 
responsive to airspeed, a variable speed motor, an 
.0 optical fol]ow-up system including a light source, 
a liht sensitive element and an optical system 
containing means including a pair of mirrors for 
directing the liht rays from said light source up- 
on the light sensitive element, means for position- 
45 ing one of said mirrors by said airspeed responsive 
means, means for positioning the other of said 
mirrors by the speed of rotation of said variable 
speed motor, means esponsive to the position of 
the light rays relative to the light responsive ele- 
50 ment for varying the speed of said variable speed 
motor to more said other of said mirrors to return 
the light rays to a predetermined point with re- 
spect to the light sensitive element after more- 
ment of said one of said mirrors, said follow-up 
55 being accomplished by movement of the mirrors 
only while the remainder of the optical system re- 
mains stationary, and a counter driven by said 
variable speed motor for recording the air mlles 
traveled. 
60 11. In an optical Ïollow-up system, an acbuated 
mirror, responsive means for positioning said mir- 
rot, a follow-up mirror, a ]ight sensitive element, 
a light source, the rays from which are reflected 
from said mirrors to said light sensitive element, 
65 
a reversible motor means including said light 
sensitive element by which the direction of ro- 
tation of said reversible motor is determined by 
the energization or de-energization of said light 
70 sensitive element by the presence or absence of 
the light rays thereon, and means for varying the 
position of said follower mirror in response to the 
direction of rotation of said reversible motor to 
return the light rays to said light sensitive ele- 
7 ment after movement of said actuated mirror. 
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12. In an optical follow-up system, a light 
source, a lens for collimating the light rays from 
said light source, a first mirror upon which the 
collimated rays are directed, a second mirror to 
which the light rays reflected from said flrst mit- 5 
rot are directed, a second lens for focusing the 
light rays reflected from said second mirror, a 
light sensitive element spaced from said second 
lens by its focal length, the relative position of 
said mirrors determining the impingement of the 10 
light rays upon said light sensitive element, and 
]neans controlled by the energization and de-en- 
ergization of said light sensitive element for ef- 
fecting movement of one of said mirrors in re- 
sponse to movement of the other of said mirrors. 15 
13. In an opical follow-up system, a light 
source, a lens for collimating the light rays from 
said light source, a first mirror upon which the 
co]limated rays are directed, a second mirror to 
which the ligh rays reflected from said first mir- 20 
ïor are directed, a second lens for focusing the 
iight roEys refiected from said second mirror, a 
light sensitive element spaced from said second 
lens by its focal length, the relative position of 
said rnirror determining the impingement of the 25 

8 
light rays upon said light sensitivi element, one of 
said mirrors being movable in response to an ex- 
terior condition to vary the focal point of said 
light rays with respect to the light sensitive ele- 
ment, and means responsive to energization .and 
de-energization of the light sensitive element for 
effecting movement of the second mirror as a 
follower to return the focal point of the light rays 
toits predetermined position with respect to the 
light sensitive element, said optical follow-up be- 
ing effected by movement of the mirrors only 
whfle the remaining elements of the optical sys- 
rem remain stationary. 
JOHN H. ANDRESEN, JR. 
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